Abstract: BACKGROUND: Leprosy and HIV are diseases that have a major impact on public health in Brazil. Patients coinfected with both diseases, appear to be at higher risk to develop leprosy reactions. OBJECTIVE: The aim of this study is to describe the histopathological aspects of cutaneous lesions during reactional states in a group of patients with HIV-leprosy coinfection, compared to patients with leprosy, without coinfection. METHODS: Two groups were established: group 1 comprised of 40 patients coinfected with HIV-leprosy; group 2, comprised of 107 patients with leprosy only. Patients presenting reactional states of leprosy had their lesions biopsied and comparatively evaluated. RESULTS: Reversal reaction was the most frequent feature in both groups, with dermis edema as the most common histopathological finding. Giant cells were seen in all group 1 histopathological examinations. Dermis edema was the most common finding in patients with erythema nodosum leprosum. CONCLUSIONS: Few histopathological differences were found in both groups, with reversal reaction as the most significant one, although this fact should be analyzed considering the predominant BT clinical form in the coinfected group and BB form in the group without HIV. Larger prospective studies in patients with HIV-leprosy coinfection are needed to confirm and broaden these results.
Type 1 reactions or reversal reactions (RR) are of the delayed-type hypersensitivity, which occur mainly in the borderline or dimorphic leprosy clinical forms. Mycobacterium leprae antigens have been found in nerves and skin of patients with this type of reaction. The antigens were found in the Schwann cells and in macrophages. Type 2 reactions or erythema nodosum leprosum (ENL) reactions occur most commonly in borderline lepromatous leprosy and in lepromatous leprosy clinical forms. In the latter, humoral immunity is predominantly involved, with the presence of circulating immune complexes and high levels of plasma TNF-α. 4, 5 Mycobacterium leprae does not seem to accelerate the decline of immune function when associated with HIV infection, as it often happens with tuberculosis coinfection. Reactional states may occur more frequently in individuals with HIV coinfection, but there are still many conflicting data regarding increased reaction frequency in this group.
INTRODUCTION
Leprosy and infection by human immunodeficiency virus (HIV) represent infectious diseases that still constitute important global health problems and continue to cause social stigma in many societies. Patients coinfected with HIV seem to develop leprosy reactions even during severe immunodeficiency states. 1 Leprosy is a disease that is distinguished by cutaneous lesions and neural damage in patients. The clinical spectrum of the disease depends on the type of immune response that the host presents against the bacteria, and according to Ridley and Jopling's classification, there are two diametrically opposed forms, tuberculoid (TT) and lepromatous (LL). 2 While in TT forms the patient presents a well-developed cellular immune response that can halt the multiplication of bacilli, in LL forms the cellular response is deficient, leading to swift replication of bacilli. There are also intermediate clinical forms, defined as borderline (BT, BB, BL), which are immunologically unstable. 3, 4 Granulomatous response is morphologically identical in patients with leprosy and both HIV-negative and HIV-positive. Epithelioid granulomas are present in patients with tuberculoid pole clinical forms, while foamy macrophages are commonly observed in patients with lepromatous pole clinical forms. 1, 6, 7 There are still few data regarding the morphological aspects of leprosy reactions in the coinfected group. Superficial dermis edema, edema within disorganized granulomas and the presence of giant cells are observed in patients with type 1 reactions. Dermis edema is also seen in type 2 reactions, with neutrophil infiltration and other characteristic features of pre-existing lepromatous lesions with or without vasculitis and usually with panniculitis. 7 Lockwood and colleagues (2008) conducted an extensive study in which 4 pathologists observed, at different occasions, the histopathological features of 99 patients with reversal reactions and 52 controls without leprosy reactions, in an attempt to standardize the key criteria for the diagnosis of reversal reaction that have been used in current studies.
8 Among them, we highlight dermis edema and the presence and size of giant cells.
Several studies describe the histopathological characteristics of patients during reactional state, but because this is an inflammatory condition, some have pre-defined criteria that are most difficult to standardize. In this condition, standardization of criteria becomes extremely important, especially for those who are not familiar with the diagnosis and also because of the frequent uncertainties in differentiating reactive states from disease relapses. 9 The aim of this study is to describe histopathological aspects of cutaneous lesions during the reactional states in a group of patients with HIV / AIDS and leprosy coinfection, comparing them to leprosy patients without HIV infection.
MATERIALS E METHODS
A clinical cohort, with patients seen at the Tropical Medicine Center (NMT) Dermatology Clinic, at Federal University of Pará (UFPA) in Belém, Pará, Brazil was performed. Time of patient accrual to ensure participation in the study ranged between January 2007 and March 2011. Each patient was followed for a period of two years in order to observe the occurrence of reactional episodes. Consultations occurred once every two weeks for those patients with leprosy reactions, or monthly, for those who did not developed them.
Sample size (n) was not pre-determined, since ours is a referral center for the treatment of dermatosis that are of sanitary interest. Two groups were organized in the study: the first (Group 1) consisted of 40 patients coinfected with HIV/AIDS and leprosy, 15 of those patients presented episodes of leprosy reaction, and had their lesions biopsied. The other group (Group 2) consisted of 107 leprosy patients without HIV, 60 presenting reactional episodes, which were also biopsied, although only 49 provided sufficient material for morphological analysis.
Biopsies were performed with a 4 mm punch, reaching hypodermis depth; the material was fixed in 10% formalin and placed in a paraffin block for further cutting and staining with hematoxylin-eosin and Fite-Faraco method, and subsequently analyzed by two professionals: a dermatopathologist and a pathologist with expertise in leprosy. Regarding cell count gradation, it was considered 1+ when 1 to 6 cells per field (40x magnification) were counted and 2+ when more than 6 cells per field were observed. As for the edema within the granuloma, it was considered 1+ when causing up to 50% granuloma dissociation and 2 + when dissociation was greater than 50%.
Patients were referred from designated units, specialized in the diagnosis and treatment of patients with HIV/AIDS, and were already in clinical followup for their HIV infection. The diagnosis of leprosy and its reactional states was determined by dermatologists with expertise in this disease, based on clinical and semiological aspects recommended by the decree of the Brazilian Ministry of Health N o . 3125 of 7 October 2010, and patients also underwent lesion biopsies with histopathological exams. Clinical presentations were based on the classification described by Ridley and Jopling. 2, 10, 11 Statistical analysis was performed using the 5.0 version of BioEstat ® program. To generate statistics proving the association of relevant study variables, we considered a 95% confidence interval (CI) and 5% α level (p-value≤0.05). We considered p>0.05 to confirm the null hypothesis (H0) and p≤0.05 to reject it. T test was applied to compare quantitative variables between the analyzed groups. Chi-square, G test and exact Fisher test were used to compare n independent samples, whose observed proportions in the various modalities were arranged in lxc contingency tables, used to calculate the proportions in different categories and determine whether they were associated. To estimate how much a given variable contributed to the occurrence of a certain clinical outcome, we used the relative risk as a bivariate analysis of association measure.
The research project was approved by the Tropical Medicine Center's Ethics Committee on Human Research under protocol number 001/2011. All study participants signed the consent form.
RESULTS
Of 40 patients included in Group 1 (HIV/AIDS and leprosy coinfection), and 107 patients in Group 2 (patients with leprosy who were HIV seronegative), 67.5% and 67.3%, respectively, were males, with predominant age range between 31-59 years, and mean age of 37 years in both groups (Table 1) .
The predominant operational classification in the coinfected group was paucibacillary with 70% of cases, while 80.4% in Group 2 were multibacillary cases (p <0.0001). Leprosy patients without HIV infection were more likely to progress to multibacillary forms compared to coinfected patients (relative risk = 3.0) ( Table 1) .
In Group 1, the predominant clinical presentation in 45% of the cases was BT, while in Group 2 patients presented clinical type BB more frequently, with 40.2% of cases (p <0.0001) ( Table 1 ).
In the coinfected group, only 37.5% had any episode of leprosy reaction and in the group of patients without HIV, 56.1% had leprosy reactions (p = 0.0026). The coinfected patients had a lower risk of developing leprosy reaction (RR = 0.47) ( Table 2) .
In both groups, the most frequent reaction was type 1 or reversal reaction: 86.7% in the coinfected group and 56.6% in the group without coinfection (p = 0.0750). In Group 1, 17.5% of patients had acute neuritis versus 25.2% in Group 2, although this data was not statistically significant (Table 2) .
Regarding reversal reaction, which was the more prevalent one in both groups, coinfected patients had dermatological lesions expected for each clinical form, typically erythematous and infiltrated, besides a clinical course similar to that of HIV seronegative patients (Figure 1 ). 
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Regarding the histopathologic findings of patients with reversal reaction, we emphasize dermis edema, which was present in all patients of both groups. As for its gradation, edema within the granulomas was rated as 2+ in 57.6% of patients without HIV, and in 100% of patients from the coinfected group (p=0.0057). Regarding the degree of granuloma fragmentation, 71.9% of non-coinfected patients had more than 50% fragmentation, while all coinfected patients (p <0.0001) presented fragmentation range between 11 and 50% ( Figure 2 and Table 3 ). Concerning patients who developed reversal reaction, giant cells were present in 45.5% of leprosy patients without HIV and 100% of coinfected patients (p=0.0006). With reference to gradation, 93.3% of noncoinfected patients had 1+ degree, while 100% of the coinfected group presented 2+ giant cells in their granulomas (p = 0.0006) (Figure 3) .
With regard to the histopathological characteristics of patients with ENL, dissimilar to reversal reactions, none of the findings between groups had statistical significance. Among the main features, dermis edema was present in only two patients of Group 1 who had ENL, and in 56.3% of patients in Group 2 (p=0.66). Those two patients in Group 1 (100%) presented vasculitis and panniculitis, while of the 16 patients in Group 2, 62.5% and 56.3% had these features respectively (G test, p=0.7864, p=0.6606) ( Table 4) .
Regarding the presence and degree of neutrophils and plasma cells, all patients in both groups had these cells in the maximum degree (2+) ( Table 4) .
DISCUSSION
Clinical and epidemiological studies of leprosy, with or without coinfection, do not show significant preference regarding gender, however in most studies the involvement of male patients is predominant.
12,13
The adult age group from 31 to 59 years was prevalent in both groups (Group 1 -70% and Group 2 -51.4%), coinciding with data from the literature. 14 The predominance of paucibacillary forms in the group coinfected with HIV-leprosy (relative risk=3.0), observed in this study, is a situation already well documented. [15] [16] [17] [18] The predominant clinical form was borderline-tuberculoid (BT) (45%). The largest case series on HIV-leprosy coinfection described to date were conducted in Brazil, and the most of them also reports the prevalence of borderline-tuberculoid forms. 6, 13, 17, 18, 19, 20 In the no ncoinfected group, there was The expected histopathological findings, innate to each clinical form of leprosy, were present without modifications between the groups with or without HIV. The questions about histology preservation and the little influence of HIV on granuloma formation still need further elucidation. Ustianowski, Lawn and Lockwood, when addressing this issue, cited that it should be noted that HIV effects on immune cells can be somewhat compartmentalized and other cells may be recruited and activated to maintain the structure.
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Dermis edema was present in all patients with reversal reaction in groups 1 and 2. However, when measured, it was observed that all coinfected patients had grade 2+ edema; whereas 14 patients with isolated leprosy had 1+ and 19 had grade 2+ edema (p=0.0057). Many authors describe dermis edema as a fundamental histological feature in reversal reaction. 8, 11, 13, [23] [24] [25] [26] Dermis edema is expected in such cases, because reversal reaction is a delayed-type hypersensitivity reaction, which reflects an excessive immune response against M. leprae, with vasodilation, increased production of cytokines, chemokines, endothelial adhesion molecules expression and lymphocytes and plasma extravasation.
Despite the more intense dermis edema, Group 1 (coinfected) presented more compact granulomas overall, with smaller percentage of fragmentation (fragmentation 11-50%), corroborating the findings from Deps and colleagues (2013) 1 , in which a larger number of compact granulomas was reported in coinfected patients when compared to noncoinfected ones (Figure 4) . At the same time, the majority of patients in Group 2 (71.9%) had a degree of fragmentation higher than 50% (p = 0.0001). This finding, perhaps, may be due to the fact that most patients with reversal reaction in Group 2 had BB clinical form, which is usually expressed by loose granulomas and eventually even with some degree ofedema within; different from coinfected patients, in which most type 1 reaction were BT clinical form cases, a form with better organized granulomas and no edema. 11, 13 Regarding the presence of giant cells, we observed that all patients in the coinfected group had giant cells in histopathological examinations graded as 2+. In the group with leprosy without HIV, 18 histopathological exams (54.5%) showed no presence of giant cells (p = 0.0006), and 14 (93.3%) were classified as 1+ (p<0.0001). Giant cells result from the fusion of activated macrophages in the attempt to destroy a foreign particle, and in the present study we found a large number of these cells, confirming their increased presence in type 1 reactional states. 8, 27 According to Ridley and Jopling (1966) , these cells are present in varying quantities in the different clinical forms of leprosy. These two authors cite that BT and TT forms are those with the larger number of these cells, whereas in BB they are much scarcer. The explanation for the difference found between the groups may have the same link described for edema within the granuloma: in the group without coinfection, patients with reversal reaction had mostly BB clinical form, in which there are usually fewer giant cells, different from the coinfected group, in which most cases of reversal reactions occurred in patients with BT clinical form that has many giant cells for being closer to the tuberculoid pole, which present predominant Th1 cellular immune response. More organized tuberculous granulomas are formed in this area, and therefore with the chronic maintenance of cytokine signaling in this profile, an increased amount of activated macrophages join in the formation of giant cells.
Although HIV also infects macrophages, they are relatively resistant to the cytopathic effect of the virus. So it is likely that macrophages are not destroyed but impaired in their function, remaining activated for an extended time, which keeps them longer in the area to where they were recruited.
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Regarding ENL, we investigated: the presence of neutrophils, plasma cells, panniculitis, vasculitis and dermis edema, which are the most cited features in relation to this condition. 9, 26, 29, 30 Dermis edema was present in 9 (56.3%) patients without HIV and in all the coinfected patients with ENL (p=0.6606). Vasculitis was observed in 2 patients (100%) in Group 1 and in 10 patients (62.5%) in Group 2 (p=0.7864), whilst panniculitis occurred in 2 patients of Group 1 and in 9 (56.3%) patients in Group 2. Regarding cellularity, neutrophils and plasma cells were found in all patients of both groups, and graded as 2+.
The findings were similar with those by Adhe, Dongre and Khopkar, (2012) , who observed the histopathological features of 42 patients with ENL in India and found neutrophils in 100% of cases, dermis edema in 81% of patients, and also vasculitis and panniculitis in 69% of cases. 24 Meanwhile, Sarita and colleagues (2013) demonstrated different results.
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Studying 14 ENL patients, also in India, these authors did not observe neutrophils nor edema in any of the patients and raised the assumption that these biopsies without neutrophils or edema were obtained from patients with longer clinical courses, already in chronic phases; however these patients with or without neutrophils/edema presented no differences in the clinical aspects of their lesions. The same explanation was used for patients presenting various degrees of vascular involvement, in which the most frequently observed signs were the presence of fibrin and neutrophils in the vascular walls. The literature cites various degrees of necrosis and septal and lobular mixed panniculitis, mainly in type 2 reactions such as erythema multiforme and Lucio's phenomenon. 24, 29 In the classical presentation of ENL in our study, necrosis was observed in 2 patients in Group 1 and 9 (56.3%) patients in Group 2.
ENL involves a systemic inflammatory reaction secondary to immune complex deposition similar to Gell & Coombs type III hypersensitivity reaction; the role of B lymphocytes is not yet fully understood, but it warrants the intense presence of plasma cells in the infiltrate. IL-1 β, also present in ENL cases, increases the expression of E-selectin and neutrophil migration to the site of acute inflammation; so these cells are more frequently observed when patients are biopsied early.
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The observations were similar in both groups, without significant differences in any of the evaluated features. Massone and colleagues (2011) also reported that the histopathological characteristics they found in a coinfection cases review were similar to those seen in cases of leprosy without HIV, citing the presence of edema, neutrophils, with or without vasculitis and lobular panniculitis over a pre-existing leprosy lesion. 30 The impossibility of applying a multivariate analysis was a limitation of this study, which is mainly due to the small number of coinfected patients with ENL, preventing a more comprehensive comparison of the findings.
CONCLUSIONS
The study found few histopathological differences in reactional states between leprosy patients with or without HIV infection. The most significant differences occurred in the histopathological evaluation of reversal reaction, especially regarding the number of giant cells and the gradation of edema within the granuloma, however this fact should be analyzed considering the predominance of BT clinical form in the coinfected group and BB in the group of patients without HIV. It is noteworthy that patients with coinfection also showed the typical lesions of each clinical form of leprosy. Larger prospective studies in patients with HIV-leprosy coinfection are needed to confirm and broaden these results. ❑
